Abstract. The accurate determination of the residual boron content is of great significance to reutilization and the control of treatment cost of the treated fracturing flow-back fluid in the oil field. This work mainly investigated the influence of coexisting ions on measurement of boron content in oil field fracturing flow-back fluid, with the mixed solution of bromocresol green-methyl red-phenolphthalein as the indicator, by using mannitol acid-base neutralization titration. The results show that the optimum range of the method is 50 ~ 300 mg/L, and the content of Fe , suspended matter and oil in the fracturing flow-back fluid have less effect on the accuracy of the determination results. The relative standard deviation is 0.49%, and the recovery rate is 99.08% ~ 100.70%. The precision and accuracy of this method can satisfy the quality requirements of the analysis.
Introduction
Fracturing technology is an important process for increasing yield in oil and gas exploration process [1] . After fracturing process, the viscosity of the fracturing fluid decreased under the action of formation stress and breaker, and the fracturing fluid is discharged to the ground [2] . The guar gum, formaldehyde, petroleum and other additives are contained in flow-back fluid, which will cause pollution to the surrounding environment without disposing [3, 4] . For arid areas, water resources can be saved effectively and the problem of environmental pollution can be controlled effectively by reusing of flow-back fluid [5] . In the case of reusing, especially in the preparation of fracturing fluid, the residual boron has an impact on the cross-linking. Therefore, it is important to determine the boron content accurately in the fracturing flow-back fluid, which is of great significance for the selection of the treatment process and the reduction of the treatment cost [6, 7] . The acid-base neutralization titration with mannitol is a commonly used method for the determination of boron content. According to Foote [8] , the acid-base neutralization titration with mannitol is used to determine the boron content in the Pacific sea water. Compared with the distillation method, this method was more accurate. According to Jiang Qiu-tao and Zhang Lian-xiang [9] , the sample was digested in mixture of sulphuric and nitric acid with distillation, and the boron content in amorphous boron powder was determined by the acid-base neutralization titration with mannitol. This method can be effectively applied to the actual sample analysis. According to Igelsrud, et al [10] , the boron content in sea water was determined by titration method. Adding hydrochloric acid and heating to drive off CO 2 , and using a reflux device to avoid boric acid loss. The method had high precision and accuracy.
There are few reports on the determination of boron content in fracturing waste fluid of oilfield by acid-base neutralization titration with mannitol. In this research, the boron content in fracturing flow-back fluid of oilfield was determined by this method. By preparing simulated water in the room, the limit of the determination of boron content by this method and the effect of coexisting ions on the accuracy of the determination method were studied.
Experimental

Apparatus and Reagents
Standard boron solution was prepared by weighing 5.7160 g of boric acid(AR) in deionized water, and transferred to 1 L volumetric flask and diluted to tick mark (1mL contained 0.001 g of boron);
Standard titration solutions were made with sodium hydroxide solution concentrations of 0.1, 0.01, and 0.01 mg/L; Bromocresol green -methyl red -phenolphthalein mixed indicator was prepared by mixing 1g/L bromocresol green -ethanol solution, 2g/L methyl red -ethanol solution and 10g/L phenolphthalein solution (according to the proportion of 3:1:2);
Other reagents used were: mannitol (neutral); hydrochloric acid (1+1); Standard hydrochloric acid solution (0.1mol/L); KHP; ferric chloride (FeCl 3 ); anhydrous calcium chloride (CaCl 2 ); magnesium chloride (MgCl 2 ); anhydrous sodium sulfate (Na 2 SO 4 ); bentonite; crude oil.
Analytical balance (JD200-4); burets and conical flask are employed.
Measurement
Remove 100mL samples in a 250 mL conical flask, adding 1 mL bromocresol green -methyl redphenolphthalein mixed indicator and shaking. Drop hydrochloric acid (1+1) till the solution becomes dull red and then over a few drops. Boil 3-5 min to remove CO 2 and decompose borate and cool to room temperature. Adjust the color to gray blue by dropping standard sodium hydroxide solution, and then add standard hydrochloric acid solution (0.1mol/L) till the dull red appears as the starting point of titration. Add 7 g mannitol to the solution, shake, and then titrate with standard sodium hydroxide solution till the solution becomes gray blue. The process of color change is dull red -gray -green -gray blue. Record the consumption of standard sodium hydroxide solution. At the same time, a blank control trial is required.
Results and Discussion
Optimization of Indicators
When the boron content was determined by acid-base neutralization titration, some took methyl red + phenolphthalein as the indicator, others took bromocresol green -methyl red -phenolphthalein mixed solution as the indicator [11, 12] . In this paper, two indicators were compared. Respectively, using methyl red + phenolphthalein and bromocresol green -methyl red -phenolphthalein mixed solution to indicate the terminal point. The results were shown in table 1 (A is used as methyl red + phenolphthalein indicator, and B is used as bromocresol green-methyl red-phenolphthalein mixture indicator). Table 1 . shows the compare results of two different kinds of indicators. The indicator of the use of bromocresol green methyl red phenolphthalein solution, although the color change process is complex, compared to methyl red + phenolphthalein as indicator, the end point mutation is obvious. This will be helpful to judge the end point of titration and the relative error is smaller. Therefore, this paper used bromocresol green -methyl red -phenolphthalein mixed solution to indicate the end point.
Determination of the Optimal Measuring Range
According to "Analysis for oil and gas field water" (SY/T 5523-2016), this method is suitable for the determination of boron content in water samples greater than 10 mg/L [11] . In order to further determine the optimal range of the method, we prepared different content of boron standard solution from 10 to 400 mg/L and determined the boron content. The results were shown in table 2. It can be seen from table 2 that when the boron content is between 50 and 300 mg/L, the relative error is less than ± 0.2%, which satisfies the quality requirement of titration analysis. Therefore, the optimal measuring range of determination is 50 ~ 300 mg/L.
Interference Experiment
After measuring, we can know that the main ions in fracturing flow-back fluid are Fe , suspended solids and oil. Therefore, we respectively added these interfering ions to 50 mg/L standard boron solution and determined the boron content. The amount of interfering ions was referenced to the content in fracturing flow-back fluid. The results were shown in table 3.
In general, the interfering ions allow to coexistent when the relative error is less than ± 5% [12] . The results show that there is little interference to the determination method when the ions exist singly. 
Precision Experiment
The simulated water samples were prepared by adding these interfering ions to the standard boron solution of 50 mg/L. Simulated water samples were determined by this method for 5 times. The results were shown in table 4, the results show that the relative standard deviation is less than 1% and the precision is well. 
Recovery Experiment
The recovery experiment of the simulated fracturing flow-back fluid was carried out. Different contents of boron were added respectively and the boron content was determined by acid-base neutralization titration with mannitol. The results were shown in table 5, the results show that the recovery rate is between 99.09% and 100.69%. The accuracy of this method can satisfy the quality requirements of the analysis. 
Summary
In this research, by preparing simulated fracturing flow-back fluid in the room, the limit of the determination of boron content by acid-base neutralization titration with mannitol and the effect of coexisting ions on the accuracy of the determination method were studied. Through the above experimental analysis, we can get a series conclusion, 1) the optimal range this method is 50~300 mg/L.
2) The coexistences of Fe , suspended solids and oil in the fracturing flow-back fluid for accuracy of determination have little influence. The relative standard deviation is 0.49%, and the recovery rate is 99.08% ~ 100.70%.
